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Leonard R. Kahn, as the developer of one of the two AM

stereo systems that is competing in the free marketplace, wishes

to offer reply comments opposing the subject NPRM, because it is

based on false assumptions, will mandate the use of a fatally

flawed system and violates the Federal Communications Act,

47 united states Code. Moreover, the Commission's staff, acting

under severe political pressure was unwilling to even permit a

ten-day delay,' so that broadcasters would have time to voice

their opinions regarding a decision that threatens the very

survival of AM radio broadcasting.

In summary, Kahn replies to Motorola that its system was

rejected by broadcasters and now it must be rejected by the

Commission, because of its technically fatal flaws that make its

'The undersigned has received telephone calls from irate
broadcasters from allover the country asking why the FCC has set
such an unreasonable schedule for replies to probably the most
important proceeding the Commission has ever authorized. The
instant reply was rushed to a point that Kahn believes that he
has been denied a reasonable opportunity to present his case.
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use inconsistent with the Commission's policy favoring improving,

not the destroying, the AM broadcast service, and because its

anticompetitive behavior in the marketplace in violation of the

law disqualifies its system from being selected by the Commission

pursuant to The Federal Communications Act.

COMMENTS

Leonard R. Kahn ("Kahn")2 opposes the adoption of the

Motorola system for stereophonic AM broadcast service in view of

the system's serious deficiencies and because its adoption would

violate the rules of the Commission.

As the Commission will note, Motorola's comments are

singularly free of any attempt at arguing its system's technical

merits, but rather repeats its unfounded claims to the number of

users of its system. 3 The confidential section of this reply

will further address the real reasons for Motorola having any

2For Kahn's professional qualifications to comment on this
NPRM, please see page two of his Comments filed on April 5, 1993.
In view of certain statements in the instant Reply he wishes to
point out that he appeared as a witness at the Senate
subcommittee hearing that led to this NPRM and that he is a
Patent Agent, licensed to practice before The united States
Trademark and Patent Office on patent matters since 1973.

He is President and CEO of Kahn Communications, Inc., the
first recipient of FCC type acceptance of an AM Stereo Exciter.

3Each FCC decision maker should pick up a phone and spot
check stations in areas where Motorola claims it still has users
of its stereo system..•• and check if any leaves it on at night?
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.~a~ioDs a~ all using i~. flawed sY8~.m.4 Thus, most of the

following reply comments will be directed to the comments by

broadcasters who address the real issues in selecting a technical

standard,5 i.e., how each candidate system's performance will

impact on broadcast service. Clearly, the replies should make

even lay Commission staff members realize that they need

impartial, high-level, engineering advice, something they cannot

expect from individuals who are paid for their lobbying efforts.

RBSPOIISBS TO TJIB IIPRil nRB UllFAVORABLB TO MOTOROLA BUT
MOST DVOBABLB TO DI SILECTION or ISB AM STERBO

The clear majority of the comments oppose the Commission's

4The Commission has a substantial amount of data on file
that proves the "fatal flaws" of the Motorola system. For
example, in 1980, Mr. David Hershberger, of Harris, Mr. Robert
streeter, of Phillips/Magnavox and the undersigned all filed
reports to the Commission (based on measurements and mathematical
analysis), proving that the Motorola system creates severe
interference, in violation of FCC rules. This bandwidth problem
will dead-end AM radio, as it will deny AM radio the opportunity
to introduce new and advanced narrowband technology. Besides the
inherent bandwidth flaw, the Motorola system has the overwhelming
disadvantage of being a phase separation system which creates
"platform motion" making its use inappropriate for night time
operation for most stations.

5Unfortunately, there is insufficient time to properly
comment on the a number of important statements by broadcasters
and FCC consultants. These are important statements and one can
only hope the staff will take time to digest their contents. The
undersigned wishes to list (alphabetically) the specific
submissions of engineers that he wished he had been given
sufficient time to discuss in his Reply;
1. capital Cities/ABC 7. David L. Hershberger
2. Cohen, Dippell & Everist 8. Peter Kraushar
3. Communications Technology 9. Lee Sutherland Parr
4. James Dorrence 10. Burt Sherwood
5. Philip E. Galasso 11. David H. Solinske
6. Christopher Hays 12. John J. Tibilietti
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first quick response to the mandate to select a system.

Actually, not only do they request the Commission to try again,

but the system of preference is the so-called Kahn ISB system.

This result is most impressive in view of the biased wording of

NPRM and in view of Motorola's all time most expensive marketing

effort directed at the broadcast industry.6

Clearly, the majority favors the Commission's selecting a

system on merit, not questionable success in the marketplace

where Motorola has destroyed free competition by making certain

that radios that receive other types of stereo signals are

excluded.

Most of the commentors have pointed out that:

a) Motorola is not the industry's favorite, and'

b) they want the "best" system, not the politically right
system.

Selection of a system whose technical deficiencies preclude many

stations' use of AM Stereo will only further injure AM

broadcasting.

RIlLY '1'0 JUST DO COMMENTS

Even the inventor of the "Harris Linear System"
Favors ISB Sideband Stereo:

Capitol Cities/ABC, correctly opposes the Motorola system.

6 The response is especially gratifying in view of the
staff's uncritical use of Motorola's incredible station "usage"
statistics. In i~s final coun~, ~h. commissioners should
consider ~ha~ mos~ broadcas~ers and FCC consul~an~s lack ~he

couraqe ~o publicly oppose Mo~orola. To learn just how strong
the opposition is to Motorola, the Commission should take a
secret poll of broadcasters as did the Department of Commerce in
1987. By now, even more s~a~ions have abandoned Ko~orola's

sY8~em.

4



Its engineers know something is wrong, because they can hear it

and see it on their spectrum analyzers allover the country.

Amusingly, ABC selected the system that the Harris Corporation

abandoned,7,8 but more importantly, the system's developer and

original proponent, Mr. David Hershberger, also abandoned it, but

for the correct engineering reasons. He discarded the QUAM

system because it is a "phase" perturbation-sensitive system

Le., a "phase separation" system, that makes the system sUbject

to platform motion, i.e., the very reason the undersigned

originally developed the favored ISB system.

JBICI SYSTIK IS BITTIR, LIBEAR ISB OR KAHN ISB?

Linear ISB is best. But not now. If we could somehow

destroy the hundreds of millions of AM radios now in use, almost

every single one of them using some sort of "envelope"

demodulator, there is no doubt that the linear system would

7The Commission's staff is referred to the Confidential
section filed with Kahn's April 5, 1993 Comments.

~he main reason ABC supports the old Harris system is that
its linearity permits the use of "synchronous detection." They
should note that the "synchronous detector" (product demodulator)
was originally developed for SSB and ISB operation and actually
provides better performance with such systems. So they cannot
only enjoy the use of synchronous detectors, but they will not
SUbject ABC listeners to "platform motion" and therefore will not
have to switch on and off the stereo mode, whenever phase
perturbations start rolling in.

Thus, selection of the Kahn ISB AM Stereo system will lead
to the equipping of the pUblic with radio receivers that are
compatible with linear ISB transmission and start the change over
to the ultimate stereo broadcast system, linear ISB.
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provide the best performance. 9 However, in the iterim, i.e.,

for at least the next twenty years, the so-called Kahn ISB system

is superior, because it does not produce an envelope with a cusp

for negative modulation that restricts effective modulation. See

Exh. 1, an early pUblication by the undersigned analyzing the

envelope of a linear SSB wave and also cited earlier papers.

In Mr. David Hershberger's carefully thought out sUbmission,

he details the reasons why Motorola system could not be used;

including, the "platform motion," and then proposed a linear

independent sideband system.

The undersigned fully supports a linear independent sideband

system. He has been involved in the development of linear SSB

systems for some 40 years and, indeed, invented the system that

was used by Harris to provide linear quadrature modulation and

the system that would be used to implement linear SSB. However,

unfortunately, the existence of literally hundreds of millions of

conventional AM receivers with envelope detectors precludes the

use of such a system by the vast majority of stations who would

never willingly restrict their modulation and curtail service to

a significant number of their listeners.

The problem is the "cusp" like nature of the envelope

function of a linear SSB system. (see Exh. 1)

However, the undersigned believes that the linear system is

9The undersigned must hedge a little, because a transmitter
for the linear ISB system is somewhat more difficult to design.
Kahn Communications is presently engaged in the development of
high-efficiency, high-powered (up to 1 megawatt) transmitters for
AM, linear SSB, AM stereo and POWER-side. (Exh. 2)
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the ultimate system by allowing broadcasters to use the present

system that has been thoroughly tested and which is still

effectively competing in the marketplace because of its

capability of full modulation +125% and -100%.

With the selection of the Kahn ISB system, receiver

manufacturers will be able to immediately switch over from

Motorola ICs designed for its system to ICs already designed for

Kahn operation. 1o They will also be able to start design of

receivers using product demodulators (sometimes called

synchronous detectors) as such receivers improve reception for

the Kahn ISB system and are the optimum type receiver for linear

ISB stereo reception.

[Such receivers cannot be implemented with the Motorola

system because of excessive odd harmonic distortion. Whereas

with the Kahn ISB system only even order distortion, which is the

natural distortion, of the human ear and which, as proven in

numerous tests by Kahn and also Harris, is not disturbing to the

listeners. Indeed, such "distortion" is used in recording and

broadcasting to enhance sound.]

IS THERE A WAY TO KAII ALL BROADCASTERS HAPiY?

There is a way to make all broadcasters who have invested in

AM stereo happy. If the Commission selects the Kahn ISB system,

AM stereo receiver manufacturers will be able to make receivers

10Indeed, the undersigned has designed inexpensive circuits
that permit Ics (chips) designed for Motorola radios to continue
to be used when production is switched to Kahn-type reception.
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that operate in stereo all of the time, night and day, under good

listening conditions or under the worst. They will be able to

make ra4ios without stereo/mono automatic m04e switchers or

blen4ers. The only reason Motorola and Harris needed receivers

that switched to mono was "platform motion." No platform

motion••• full time stereo. And since platform motion disappears

when a Kahn ISS demodulator is used, even listeners to Motorola

stations will enjoy a tremen40us improvementl

But what will Motorola stations penalties be?

a) Their stereo imaging will be degraded, but most listeners
will find the sound much better than stereo with platform
motion and the stereo switching on and off; and

b) They will still suffer from loss of mono coverage due to
the excessive bandwidth of the Motorola signal.

Thus, Motorola-equipped stations will actually be better off then

they are now and many will probably turn their equipment back on.

BOY will the Barris-equippe4 stations fin4 the switch?

a) Their stereo imaging will be degraded, but their
listeners will also still find the sound better, absent
"plat-mo."

b) They too will still suffer from loss of coverage, not
due to excessive bandwidth (Harris' bandwidth was

excellent), but rather due to poor negative modulation
characteristics.



owners of such equipment) who wish to enjoy, fUll-time, platform

free operation, the (b)-item loss of coverage will induce them to

switch over to full Kahn ISB system operation. This will not

only allow them to serve more of their listeners, but it will

allow their adjacent channel neighbors to get relief from their

excessive splatter, letting these innocent parties serve more

listeners.

[The necessary equipment to convert their equipment will be

sUbstantially less than the original investment the Motorola

stations made in stereo, and Kahn Communications, Inc. will offer

conversion kits to such stations and, indeed, provide other

manufacturers design licenses to market such kits.]

Thus, all AM stations," not only AM stereo stations,

should be happy.

But what about those people who bought Motorola only receivers?

That is a problem. But not for the reason one might think.

Those people are not tuning to AM stereo stations because they

are operating in stereo. If they were there would have been a

mad rush to buy (not accept no-cost packages) Motorola system

exciters.

In any case, if the commission picks the Kahn ISB system,

"Including stations with "problem" antennas that cannot be
used with the Motorola system. Such stations are generally low
on the dial with severe protection requirements that cannot be
"broadbanded" by conventional means without losing significant
amounts of effective radiated power. Kahn Communications'
"Flatterer" can be used to ease such problems, but it is not an
inexpensive device and only equipment has been designed for use
with mono, Kahn ISB stereo and POWER-side signals. (Exh. 2)
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stations. 13

The danger of trusting broadcasters with such freedom, (can

one imagine such a discussion between Americans), is that if they

don't make the correct choice, their listeners will come to the

conclusion that AM stereo is a form of low-fidelity torture.

But, out of the few stations that have bought Motorola

equipment and still use it, many turn off stereo operation at

night on their own. ThUS, one can expect the vast majority of

stations that have rejected the Motorola system, will, if the

Commission selects the Kahn ISB system, install Kahn type ISB

stereo exciters and eschew the freedom to use a Motorola pilot.

RECOMMENDATIONS

[The undersigned, after (hurriedly) studying the comments to this

NPRM believes that the vast majority of the comments confirm his

original recommendations which he now repeats.]

Kahn respectfully requests the Commission to carefully and

deliberately reevaluate its NPRM. AM radio should not be

considered a minor matter to the Commission while it ponders what

it perceives is more newsworthy SUbject matter. More people rely

on the 1 Mhz of spectrum devoted to AM radio than any other

service, and those listeners deserve a full hearing. He further

respectfully requests the Commission to seek advice from the

National Institute of Standards and Technology ("NIST") in the

13In case someone is concerned about patents, Kahn was
granted the original patent on the pilot and, of course, while he
staked out 15 Hz because of its low frequency and harmonic
relationship to 60 Hz, the claims are not that narrow.
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selection of a system that will allow AM stations to make use of

the best technology available to compete in their all important

marketplace competition with FM, cable, cassettes, etc., etc.

AM radio deserves the best technology available ••• its very

survival depends upon it.

Dated: April 19, 1993

Of Counsel:

William Malone, Esq.
Miller & Holbrooke
1225 19th street, NW
suite 400
Washington, D.C. 20036
(202) 785-0600

Respectfully yours,

~_L- --=-__=_....___
Leonard R. Kahn,
c/o Kahn Communications, Inc.
222 westbury Avenue,
Carle Place, New York, 11514
(516) 222-2221

12



, .

1706 PROCEEDINGS OF THE'IRE

EXHIBIT 1

Dectmber

Comparison of Linear Single-Sideband Transmitters
with Envelope Elimination and Restoration

SIngle-Sideband Transmitters·
LEONARD R. KAHNt, SENIOR MEMBER, IRE

Summarr-The EUmJnatiOD and RestoratioD 5yltem wa. orip
naUy 4eacrlbe4 In 1952 (1). The purpoae of the followlnl i. to evalu
ate certain baalc dtaracteriltlc. of the Envelope Elimination and
Restoration System and to compare it with the L1neu Amplifier
Syatem [2, 3].

BRIEF DESCRIPTION OF ENVELOPE ELIMINATION

AND RESTORATION SYSTEM

.... ···..·"~·-i
H~/-+i / ...... I ...0'....

Yilt. I-Simplilied block dialCram or em'elope elimination and
., restoration .yatem.

PLEASE refer to Fig. I, which is a simplified block
diagram of the envelope elimination and restora
tion system. The wavcshapcs shown in this figure

,Ire for t.wo equal amplitude tones with the carrier com·
pletely eliminated. The single-sideband generator used
in practical equipment has been of the filter type but the
phase shift techniques may also be used. The output of
the single-sideband generator is fed to a limiter wherein
I he limiter removes the amplitude modulation compo
nent from the single-sideband wave producing a pure
phase-modulated ....·ave. Since a phase-modulated wave
is not distorted by amplitude nOlllinearities, this wave
may be amplified in highly efficient Class C amplifiers.
The Class C amplifier finally drives the modulated stage
which may also be designed for Clas;; C operation.

The amplitude modulation component of the single
sideband wave is isolated from the phase modulation
C'omponent by the AM detector. The AM detector out·

• Original. manuecript received by the IRE, June 14, 1956; reo
viled manuscript received, October S, 1956.

t Kahn Research Laboratories, Freeport, N. Y.

put is identical to the envelope waveshape of the single
sideband wave at point A. This audio frequency wave is
amplified and then fed to the modulator.

The modulator modulates the phase-modulated com·
ponent by the envelope function in the modulated stage.
lf the time rel~tionship between the phase and ampli
twde modulation components is properly maintained.
the signal at point G will be a high powered replica of
the single-sideband wave at point A. It should be
stressed that Fig. 1 is a simplified block diagram and in
itself is not a practical system. Such important elements
as the equipment for equalizing time delays are missing'
but it is felt that the figure demonstrates the basic
technique.

EFFICIENCY OF A LINEAlt AMPLIFIER AND THE ENVEI,OPE:

ELIMINATION AND RESTORATION SYSTEM

In the analysis shown in Appendix I, the efficiency of
the linear amplifier system is compared with that of the
envelope elimination and restoration system. It might
be assumed from a cursory examination of these t'l\'O

systems that the comparison is the same as that of a
high-level modulated Al\'1 transmitter with a low-level
modulated A~l transmit.ter and therefore the high.level
(envelope elimination and restorntion system) would be
slightly superior in efficiency to the linear amplifier low·
level system. Actually the analysis is somewhat, differ
ent because of the special waveshapes pec111i.ll' to single
sideband operation.

From the analysis shown in Appendix r, it is seen thaI,
if it is assumed that the linear amplifier has a plate cir
cuit efficiency of 60 per cent under conditions of full
drive [4], its average efficiencywilJ be 47.1 per cent for
the two-tone case. In Appendix r. it is also shown that
the plate circuit efficiency of the envelope elimination
and restoration system is approximately 69 per cent.'
Therefore. the ratio of power output from the envelope
elimination and restoration system is 2.53 times that of
the linear amplifier system assuming both systems uti
lize tubes having equal total plate dissipation. (That is,
the summation of the plate dissipation capabilities of the
tubes in the Class C amplifier. plus those in the Class B
modulator, equals the plate dissipation capability of the
final linear amplifier tubes,)

I See Appendix r for the condition....umed.
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REQUIRED MODULATOR RESPONSE

Table I is a tabulation of the required modulator fre
quency response for given spuriolls Olltputs from an
envelope elimination and restoration transmitter.

In the paper published in 1952 [1], a similar chart was
furnished based upon the assumption that all the energy
in the components not passed by the modulator added
up to produce a single spurious component. That chart
was therefore pessimistic as pointed out in that article.
A new mathematical technique has since been developed
[5 I and the fact that the figures originally published
were pessimistic was confirmed.

Ir. Appendix Ill, this new technique is used to solve
thisp~oblem. However, it should be pointed out that these
figures are still pessimistic because the analysis assumes
that two equal amplitude tones are radiated and their fre
quencies are at the extreme ends of the transmitted band.
Of course, in practice. voice signals have most of their
high energy components situated at relatively close
spacing at the low·frequency end of the audio band.
Another reason why these figures are pessimistic is that
in most applications there are many components trans·
mitted simultaneously rather than just the severe two
tone case. Multichannel telegraph single-sideband, aI'ld

stage, the power gain of the envelope elimination and
restoration system, over the linear amplifier system,
would be 3.37 to 4.5 times.

It should be noted that the above comparison was
based upon the assumption that a modulator for the
transmitter was available. If a modulator is not avail·
able, it would be necessary to compare the cost of the
modulator plus the envelope elimination and restoration
adapter with the cost of engineering. labor. and the
power disadvantage of converting the rf stages of the
transmitter to Class B linear operation.

The above calculations are based upon the carrier
rating of an AM transmitter. If the cw rating of the
transmitter is used, the peak envelope power of the
Class B linear is two-thirds the value above stated or
approximately four-ninths of the cw rating of the trans
mitter. Similarly the peak envelope power of the en
velope elimination and restoration adapter transmitter
for single-sideband telephone operation is approxi.
mately 2.67 times the cw rating and from 2 to 2.67 times
the cw rating for multichannel teleprinter operation.

TABLE I

Worse spurious level for
two equal tones

- 25.3 db relative to 1 of the
two tones

-31.4 db
-36.2 db
-40.5 db

Modulator equalized to
pass up to

Fundamental of the difference Cre-
quency of the two equal tones

Second harmonic
Th ird harmonic
Fourth harmonic

As pointed out in Appendix I, the above comparison
is based upon an assumption of plate circuit efficiency
for the Class C amplifier of 80 per cent. In both the
linear and the envelope elimination and restoration
transmitter calculations, we have not taken into con·
sideration loss in the rf coupling networks but since both
systems should have approximately the same loss in
these circuits, the comparison would not require modifi
cation. If we had assumed that the Class C amplifier
had a plate circuit efficiency of 15 per cent, the power
output of the envelope elimination and restoration sys
tem would be 2.1 times as great as that from a linear
amplifier system.

COMP... RISON OF MEANS OF MODIFICATION OF

HIGH LEVEL AM TRANSMITTERS TO

SlNCI.E-SIDEBAND OPERATION

Many firms are reluctant to convert to single-side
band transmission because of the expense of completely
replacing AM transmitting equipment. Therefore, there
has been considerable interest in proposals for convert·
ing AM transmitters to single-sideband operation.

One method proposed is to use envelope elimination
and restoration adapters. The second method proposed
is to redesign the transmitter for Class B linear opera
tion. This second technique would require appreciable
engineering effort and in many cases additional stages
would have to be added to make up for the decreased
power gain of ClassB linear amplifiers. Also, since fre
quency multipliers are not linear devices, further radical
changes would be necessary.

It might be interesting to compare the power output
from a high-level amplitude modulated transmitter con·
verted to linear amplifier operation with the power out·
put from the same transmitter utilizing an envelope
elimination and restoration adapter.

In Appendix II, it is shown that a high·level ampli·
tude modulated transmitter. if modified for Class B
linear single-sideband operation, would have a peak en·
velope power rating of approximately two-thirds of the
carrier rating of the transmitter. If such a transmitter
was adapted by the envelope elimination and restora·
tion system, the peak envelope power would be equal to
approximately four times the carrier rating for single~

sideband telephone operation. The rating of such a
transmitter when transmitting multichannel teleprinter
single-sideband signals varies between three to four
times the carrier rating of the AM transmitter depend.
ing upon the number of tones transmitted and whether
they are phase-locked. Thus we see that for telephone
operation there is a power gain of approximately 6 and
for a multichannel teleprinter a power gain of 4.5 to 6
over the power output from a high level modulated
transmitter converted to Class B linear operation. If,
in the above calculations, a figure of 75 per cent was as
sumed for the plate circuit efficiency of the final Class C
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of course voice systems, normally radiate more than
two-tones simultaneously.

1£, instead of two equal tones. tones of unequal ampli·
I ude are transmitted, the frequency response require
ments of the modulator are eased.

Another important reason why these figures are quite
conservative, is that the response of a conventional
amplitude modulator does not suddenly go to zero
above a certain frequency. If this effect is analyzed it is
seen that the spurious is reduced by this vestigial fre
quency response because of two reasons. The first
reason is that any energy at these higher frequencies
assists in reducing the spurious. The second reason is
I hat, for optimum spurious reduction, the highest fre
quency overtone which is passed by the modulator
should have a smaller amplitude than indicated by the
Fourier series expansion of the envelope. This may be
,eell by considering the analysis in Appendix III and
ex'lmilling the effect of reducing the percentage of
mod ulation of the highest order overtone. This effect is
considerably more important for high order harmonics.

It has been found, in practical installations, that for
a signal bandwidth of up to 6 kc, a modulator, having a
nat response or one equalized for a flat response of ap
proximately 8 kc, can be used to produce signals having
the worst spurious amplitude down 30 to 35 db relative
to one of the two equal desired tones.

DISCUSSION OF PRACTlCAL.INS1'AL.L.ATIONS OF ENVEL.OPE

EI.IMINATION AND RESTORATION SYSTEMS

Fig. 2 is a picture of a commercial single-sideband
envelope elimination and restoration transmitting
adapter. This adapter may be used to adapt an ampli
tude modulated transmitter to single-sideband service.
The phase modulation component of the single-sideband
wave is fed to a low level rf stage of the' transmitter, The
AM component of the single-sideband wave is fed from
the adapter to the audio input of the transmitter. Aside
from the installation of a connection for feeding the low
level rf stage, no modification of the transmitter is
necessary. This adapter may be used to produce inde
pendently modulated upper and lower sidebands and is
being used in a number of transoceanic multichannel
teletype circuits.

A similar model of the single-sideband transmitter
adapter may be used for broadcast relay service. This
adapter has been used in conjunction with a 100-kw AM
tral\smitter to produce a 400-kw peak envelope single
sideband signal. We understand that this is the most
powerful single-sideband transmitter in operation.

No attempt has been made to minimize the size of
this equipment and certainly appreciable reduction in
size and weight can be accomplished by use of conven
tional miniaturization techniques.

The average spurious output of systems using these
adapters is from -32 to -35 db relative to the ampli
tude of one of the two equal tones. The best measure-

Fir. 2-SSB5J.2A. Kahn Research Laboratori.'
twin sideband adapter.

ment of a practical 40·kw peak envelope power trans·
mittel' utilizing this system was slightly better than
-40 db.

RtSt1Mt OF ADVANTAGES OF ENVELOPE ELIMINATION

AND RESTORATION SYSTEMS

The advantages of the envelope elimination· and
restoration system are as follows:
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where w is the difference in angular velocity between the
equal tones and k is the efficiency of the linear amplifier
when delivering peak output.

The plate dissipation at any instant, t, is:

average power, Po, is therefore! watt.' Since the en
velope wavesh.tpe of a two equal tone wave is a full
wave rectified sine wave and since the efficiency of a
linear amplifier is a linear function of signal voltage, the
efficiency as a function of. time 711 is:

where
Pi' "'" the power input fed to the amplifier from the

power supply.
Po,:tII the desired power output from the tube which

is fed to the tank circuit.
(Po,- sin' wt X 1 watt for a two equal tone wave having

a peak envelope power of 1 watt.)
Therefore,

1) The ~nvelope elimination and restoration system
produces approximately 2.5 times the power out
put, as does the linear amplifier system, for a given
total plate dissipation.

2) The envelope elimination and restoration system
may be used to adapt exist1ng high quality trans
mitters without any design change of these trans
mitters. The peak envelope rating of such a system
is from J to 4 times the carrier rating. Of course,
the system may also be used as a component pa:t
of new transmitters.

3) The envelope elimination and restoration system
is relatively noncritical because Class C amplifiers
may be used.

4) Frequency multiplication may be used in the
envelope system simplifying design.

5) The envelope elimination and restoration system
makes practical low-cost high-powered, 20-kw
peak envelope power or more, single-sideband
transmitters. In the linear system, each additional
stage introduces distortion and this makes it very
difficult to obtain satisfactory spurious figures
from high-powered transmitters. Also, the high
efficiency of envelope elimination and restoration
type transmitters is of considerable economic
importance.

6) At the present time there are no very high.
powered linear amplifier type single-sideband
transmitters available. and for such requirements,
the envelope elimination and restoration system
appears to be the only practical solution.

'1, == k sin wt

P~, - PH - Po,

Po,
== ...,..... - Po,

'll

sin' wt
P~, == --- - sin' wt.

k sin wt

The average plate dissipation P4 is:

1 f .. /.. 1 f r/ .. (Sin wi )
Pd ... - Pd,at == - -- - sin 2 wt dt

11' 0 11' 0 k

(1)

(2)

(3)

Therefore, since the average power output in this case
is t watt. the efficiency of a linear amplifier when ampli
fying a two equal tone wave is

• The fact that the peak envelope radnl of a two equal tone wave
i. equal to two times the average power radnc may be confirmed a.
follows: con.ider that each of the two equal amplitude tones hat an
rms amplitude of one-half volt developed aero.. a one ohm resittance.
Each of the tones would dissipate t watt and the total power of the
two tones would then be t watt. The peak envelope power, however,
occun when the two tones are in phaae and their combined ampli·
tude would then be 1 volt Tm. 10 therefore their peak envelope power
would be 1 watt.
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Since, for a 0.5 watt SSB signal (l w PEP) there is
0.095 watt in the AM component.

P
0.5

d Class C stage = - - 0.5 = 0.125 watt
0.8 .

It was shown, in Appendix I, that a reasonable figure'
for the plate circuit efficiency of the linear single
sideband amplifier is 47.1 per cent. Therefore, the
average power output. PSSB tv, of a transmitter altered
to linear SSB operation is:

Step 3: The envelope-limiter gain function, ELGF(t).
which is the inverse function of step 2, is determined.

, In many casu, it will be less laborious to do step 4 before Itep 3.

sideband wave that are within the frequency response
of the modulator. In this manner it is possible to calcu
late the amount of spurious produced when the modu
lator can pass only a restricted number of overtones of
the envelope function.

Part 1

The method to be used for determining the spectrum
of the phase-modulated component of a two equal
amplitude tone wave was described in 1953 [5]. This
method is based upon the fact that a limiter is an ampli
tude modulator which modulates the input wave by the
inverse function of the envelope of this input wave.

The method may be outlined in the following series of
steps.

1) The signal wave fed to the limiter is fully described
as to the amplitude, frequency, and relative phase
of the spectrum components.

2) The envelope function, F(t), of the input wave is
determined.

3) The inverse function of the input envelope func
tion, 1/F(t), is next calculated. This is the en·
velope-limiter gain function, ELGF(t).

4) The Fourier series describing the envelope·limiter
gain function determined in step 3 is calculated.'

5) Each individual input signal component described
in step 1 is amplitude modulated (multiplied) by
the Fourier series of the envelope-limiter gain
function. The resulting spectrum is the desired
output of an ideal limiter and therefore it is the
phase-modulation component of the input wave
described in step 1.

I n accordance wi th the above procedure, the following
calculations may be made.

Step I.' The frequency components of the input wave,
to the limiter, are shown in Fig. 3, line 1. Besides these
two equal tone components there is assumed to be a
noise component which, in the analysis, is made to ap
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Fig. 3-Spectrum diagram showing calculation of two·tone
phase modulation component
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Therefore (16) holds even for the difference bel \\'cen
Ao and B,/2.

Step 5: Each of the two equal tone components is
modulated by the various Fourier series components of

ELGF(t) .. l/F(t) ,.., [liNk + [_.1_ 2..J"-'
5m e S •

+ [l/.V] •..•"+' + [ ~1 2..J2<-'
5m 9 S .+.

+ [l/.v]tr._.2r • (12)

Step 4: Next, the Fourier series describing this wave
is determinerl. The fundamental frequency of the Fou·
rier series is assumed to be equal to one-half the fre
quency separation between the signal frequencies in
order to simplify calculations, The dc component
equals:

This function may he defined as follows:
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(19)

where n =even integer.
The resuit of modulation by merely the fundamental

component of the Fourier series is shown in Fig. 5. Thus,
it is seen that the worse spurious component is 25.3 db
down, relative to one of the two equal tone waves. The
results of similar calculal ions for modulators with bel ter
frequency responses are shown in Table J.
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tone wave. In addition to its application to single
sideband analysis, this result is of interest to other fields
of physics.

Part 2

As mentioned above, the second part of the analysis
requires the calculation of the effect of amplitude modu
lation of the phase modulation spectrum by the
Fourier series components of the envelope function of
the two equal tone wave. The envelope function of the
two equal tone wave is exactly equivalent to that of a
full wave rectified sinewave and may be expanded into
the following Fourier series:
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Filt· .i--·Caklilatitm of spectrullI created when envelope elimination
;lfId reilwralion srRtem is used with a low-fidelity modulntor ca.
pahle of passin~ only the fundamental beat lIote.

Ihe eJl\'elope limiter gain functions. a!; shown in Fig. 3,
lint:s 2 and 3. The result of this modulation process is
then SUllllll<Hed as shown in fig. 3, line 4. It should be
noted th,lt. since the various sidC'banu components i:lre
equal to a difference between l~., ;l1ld B._2• the result
ing spectrull1 may be readily determined to a very high
order of precision by use of (16).

The result of this first part of the analysis is the
phase-lIIodulution component spectrum of a two equal

BIBJ.10GRAPHY

\11 Leonard R. Kahn, "SinglfJ-Sideband Transmission by Envelope
IWmination and Restoration.· PROCEEDINGS OF THE IRE, Vol.
40 (July. 19.~2). pp. 80J-806.

[21 A. ~. Reeves. "Single-Sideband System Applied to Short Wave
Telephone Links." J01/rnfl/ of the InslitutJon of EJe,trical Engj
'llerS (London), Vol. 73 (September, 193.1), pp. 24.~-279.

[3) F. ,/\, Polkinghorn and N. F. Schlaack. "A Single-Sideband Short
Wave System for Transatlantic Telephony." PROCEI>DINGS OF

TH!> IRE, Vol. 23 (July, 19.15), pp. 701-7t8.
(4) N. Lund, C. F. P, Rose and L. G, Young. "Amplifiers (or Multi

channel Sinsrle-Sideband Radio Transmitters.· PROCF.EDIi'lOS OF
THE IRE. Vol. 40 (july, 1(52), pp, 790-796.

{51 Leonard R. Kahn. "Analysis of a Limiter as a Variable-Gain
Device," Eltctrical Enginuring, Vol. 72 (December. 195.l), PI'.
1106-1109.

{61 E. B. Moullin. "The Detection by a Straight Line Rectifier o(
Modulated and Heterodyne Signals." Wireless Eflfineer (London).
Vol. (j (July, 1932), pp..178-J83,



... EXHIBIT 2

POWER-side@ COMPATIBLE AM/SSB
BROADCASTING SYSTEM

by Leonard R. Kahn (M 1953, F 1961)

Leonard R. Kahn was awarded the Armstrong Medal at
the 1980AnnualAwards Banquet in recognition o/his work
in AM stereo, independent sideband, time diversity, voice
processing, and other advanced electronic techniques. He
presented an outstanding address in response to the award
in which he urged a r({orm in the U. S; patent system. He is
president 0/Kahn Communications, Inc.

This paper originally was published in the IEEE Tran
sactions on Broadcasting, VoL 34, No.3, Sepemberl988,
and simultaneously published in Japan by "Broadcasting
Engineering': VoL 41, N. 8.

A slightly modified version o/thepaper waspresentedby
Mr. Kahn at the Technical Seminar o/the Radio Club 0/
America on November 18, 1988, at the New York Athletic
Club.

ABSTRACT - The Independent Sideband system of AM
Stereo can. by use of special audio processing, significantly
improve monaural reception. The resulting transmitted
signal, called a "PO WER-side" signal, allows listeners to
"sideband tune" with new types of mono receivers so as to
reduce co- and adjacent-channel interference, improve the
effective fidelity of the AM receiver, and make the receiver's
tuning significantly less critical.

Furthermore. due to the inequalityof low frequency side
band components, the system reduces selective fading,
antenna null distortion and re-radiation problems when the
POWER-side signal is received by both "side-band tuned"
mono receivers as well as digitally-tuned stereo and mono
receivers which center tune to the carrier frequency.

Most importantly, this type of wave substantially
reduces co-channel "beating" effects that have, since the
earliest days of broadcasting, plagued AM signal reception.

INTRODUcnON
AM broadcasting's main advantage vis-a-vis FM broad

cating is superior coverage. FM provides a superior signal
when the signal-to-noise ratio is high but AM can, if properly
implemented. provide usable signals at far lower pre
demodulation signal-to-noise ratios. Thus, AM is a more
rugged form of modulation. Added to AM's superior rugged
ness is the coverage advantage of operating at a frequency
range of 540 to 1600 KHz rather than in the FM band of 88 to
108 mHz.
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The optimum form of amplitude modulation is single
sideband (SSB) with reduced or suppressed carrier. SSB is
the most rugged form of analog modulation and also
occupies the least bandwidth. While the advantages of SSB
were known by many of the pioneers of AM.broadcasting,
the complexity of SSB receivers restricted 55B's use to com
mercial, militaJy and amateur applications. However. circuit
complexity is no longer a deterrent with the advent of
integrated circuits.

There is. unfortunately, a much more serous problem
impeding the introduction of SSB operation. and that is the
public's huge inventoryofenvelope-detector type receivers.

Accordingly, the transition from standard double
sideband AM transmission to the optimum SSB forms of AM
transmission, (suppressed carrier SSB for monophonic
stations and reduced-carrier independent sideband for
stereophonic transmissions), must be gradual.

The purpose of thispaper is to describePOWER-side'" a
system that, the author believes, in addition to alleviating
some ofAM radio's most serious technical problems. can be
used to make the transition from conventional double
sideband (DSB) AM to SSB swifter and more graceful.

WHAT IS PO WER-side?

PO WER-side is a form of amplitude modulation which
offers some of the transmission advantage of single
sideband (SSB) andwhich is compatiblewith bothenvelope
detector type receivers and SSB receivers incorporating
synchronous demodulators. Furthermore, since a
POWER-side signal better matches SSB receivers than
does a conventional AM signal, this new form of transmis
sion should help to expedite to widespread use of these
superior 5SB receivers.



A POWER-side wave is an AM wave having at least a
substantial part of one sideband raised in level and the other
sideband reduced in level, so that the total envelope mod
ulation is unaltered. The stronger sideband is transmitted
free of pre-emphasis, but the weaker sideband incorporates
substantial pre-emphasis in order toilllure fun compatibility
with center (carrier) tuned receivers.

Thus, POWER-liM; while similar to Compatible Single
Sideband I (CSSB) in use in the air-to-ground com
munications, is really an independent sideband. Kahn/
Hazeltine type, AM stereo wave. (Indeed, POWER-side
transmission can be implemented using either of the two
FCC type-accepted KahnCQnun~' stereo exciters
(models STR-77 or STR-84) and a spec:iII ado processor.)

The reason for the chanae in em~ from a CSSB
transmission to one baedon the independentsidebInd AM
stereo system is the recentwidespr'aduse of pre-emphasis
in AM broadcasting. Asecondlidebandisneeded tosupport
pre-emphasis while stUl a1Iowing listeners to "sideband
tune" to a stronger sideband. (See 8e1ow).1t is clear that AM
broadcasters, faced with serious decline in the fideDty of
receivers during the past two decades,arenowforced to use
largeamount ofpre-emphasis in ordertoachievesomesem
blance of overall fidelity. Thus. given the deplorable state of
AM receivers, any new AM transmission system must be
able to accommodate pre-emphasis.

Asmentionedabove,POWER-sidewavesaregenerated
by standard AM transmitters excited by type-accepted
Kahn/Hazeltine system AM Stereo units. Taking a very firm
conservative stance in terms of occupied bandwidth and .
minimizing adjacent channel interference, all of these AM
Stereo exciters· incorporate low-pass filters in the L-R
branch.

Forexample, in theearlySlR-77 model the Iowpass filter
was set for 5 kHz, restricting separation to approximately 6
kHz. The new STR-84 model restricts separation to 7.5 kHz.
Therefore, POWER-side is not effective for frequencies
above 7.5 kHz.

Furthermore, since substantial pre-emphasis is used on
the weak sideband and no pre-emphasis is used for the
stronger sideband, at approximately 5 kHz the two side
bands reach the same level. Thus, thePOWER-side effect is
restricted to the low and medium frequency range of voice
and the low frequency range of music. Nevertheless, since a
very large percentage of the intelligibility of voice and the
fundamental components of musical instruments are at
relatively low frequencies, the effects of the frequency
limitations imposed on the POWER-side sYstem are not
substantial as one might expect. (It should be noted that
these Dmitations pertain only to the difference in the treat
ment of the two sidebands.The overaU envelope modulation
of the POWER-side wave is not restricted and can be used
to transmit components up to 15 kHz.)

Block Dlaaram of a Practical POWER-side
Tranamlulon Syatem
flG. 1 shows, in block form, the basic structure of a
POWER-side sYstem. The audio signal, that comprises all of
the necessary components for monophonic listeners, feeds
a de-emphasis circuit. This de-emphasis circuit should be
adjusted to match the inverse of the pre-emphasis curve
used by the station.
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Thus, a signal with relatively Oat frequency response
should appear at the output of the de-emphasis circuit. The
output of this circuit feeds an attenuator which reduces the
audio level so that the signal has a level that will produce a
weaker sideband approximately 15 db below the stronger
sideband.

flgure 1.

In other words, assuming the total envelope modulation
prod~cedby both sidebands is 100%, the sideband level for
the weaker sideband should cause approximately 15%
envelope modulation and, therefore, the stronger sideband
is increased from a level that would normally cause 50% of
the envelope modulation to one that causes 85% of the
modulation.
~ output of the attenuator feeds one of three equal

sectiOns that produces the desired increased pre-emphasis
for the weak sideband. The first segment of Section ) is
actually a lowpass filter with a "stop" region Dmited by a
bypass stage.

The second segment of Section J introduces a rising re
sponse characteristic which is greater than the effect of the
prior block. Accordingly, the overall effect of the two
segments is to produce a characteristic peaking at 5db for 5
kHz (relative to 500 Hz). '

Sections 2 and 3, since they are identical to Section 1,
make lor a total response of three times that of Section I, i.e.
producing a 15 db peak on the weaker sideband.
• As~ in fl~. 1, the output of the de-emphasis circuit,
U1 addition to feeding the increased pre-emphasis circuitJy
for processing the weaker sideband, feeds an amplifier. This
amplfier causes the aucIo level driving the stronger side
band to be proper to elevate the level of the sideband to 85%
of the total envelope modulation at 1 kHz.

The output of the amplifier feeds an "all-pass" network
which has a phase characteristic that closely approximates
that of the overall additional pre-emphasis network in the
weaker sideband path. Accordingly, the two sidebands
should be approximately in phase, maximizing envelope
modulation.

The two-path audio processing system feeds the
appropriate L~d Rinputs of an independent sideband type
AM stereo exCIter, such as Kahn Communications' Model
STR-84.



For example, if it is desired to enhance the lower
sideband, the output of the "all-pass" network is connected
to the L input of the exciter and Section 3 output is connec
ted to the Rinput The stereo exciter causes the transmitter
to produce the desired POWER-,ide Rf' wave.

It should be noted that a "stereo effects" wave may be
added to theaudio signal feeding the weak sideband so as to
enhance the wave received by stereo listeners. The "stereo
effects" aignal can take many forms l , including a special
stereo component or certain stereo sounds such as "crowd
noise" for a sporting event. (A future paper is planned to dis
cuss further POWER-side developments as weD as those
pertaining to stereo transmissions effects.)

SidebMd Tuning
The term "Sideband Tuning", as used in the following, is

defined as the tuning of a receiver so as to favor the desired
sideband of a POWER-lide wave. When radios with
reasonably flat IF selectivity characteristics are used, one
edgeof the receiver's passband will fall at approximately the
station's carrier frequency in the same fashion as when a
conventional SSB receiver is tuned to an SSB wave.

listeners tuning to a POWER-side signal will naturally
tune to the stronger sideband because it is louder. Early
tests on Compatible Single-Sideband (CSSB) showed that
the amount of sideband tuning is a function of the signal-to
noise ratio. The poorer the signal-to-noise ratio the further
the listener will tune over towards the sideband and away
from the carrier in order to improve intelligibility.

It has been experimentally demonstrated that the
optimum amount of "sideband tuning", for typical narrow
band AM radios, is of the order of 2.2 to 3 kHz. The actual
amount of "sideband tuning" used is a fuction of the
receiver's selectivity characteristic and the cleanliness of
the POWER-side signal.

Thus, stations that wish to obtain the full benefits of
"sideband tuning" will find it necessary to transmit clean
signals, thus avoiding negative-goingovermodulation, harsh
audio-processing procedures and significant amounts of
incidental phase modulation in their transmitters 3. An
important by-product of POWER-side operation is that all
stations using the system will find it advantageous to
improve their signal purity, reducing splatter and other
sources of adjacent channel interference. (It is pointed out
below that POWER-side also effectively reduces the so
called "carrier beat" co-channel interference effect.)

The optimum "sideband tuning" point (for a perfect
POWER-side signal) is the same as it would be for conven
tional single-sideband (SSB) operation; i.e., tuned to the
desired sideband with one of the receiver's passband edges
at the carrier frequency.

As an example, assume that the receiver's IF passband is
6 kHz. It should theoretically support 3 kHz audio response

.when center or carrier tuned to a dsb AM wave, and 6 kHz
when tuned to an SSB signal. (Unfortunately, for the AM
broadcast industry, current (1988) receivers with 6 kHz
passbands may be considered to have reasonable band
width and receivers with 4.4 kHz bandwidths are not
unusual!) Experiments with a number of PO WER-side
stations show that tuning 2.2 kHz to 3 kHz from the carrier
towards the stronger sideband turns oullo be an optimum
"sideband tuning" point, providing 4.4 to 6 kHz (-6 db)
audio fidelity.
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It is interesting to note that the matched filter concept of
Information Theory would lead td a similar conclusion. In
other words, since modem broadcast receivers have such a
narrow band characteristic, the POWER-side signal better
matches typical AM receivers. Thus, the implementation of
POWER-lide signals is consistent with the Matched F'lIter
theory.

Accordingly, typical narrowband AM radios better
match one sideband of a POWER-side wave than they
match the two Iidebands of the conventional dsbAM waves
which they were designed to receive. In any case, "Sideband
Tuning" to POWER-side signals, offers almost an effective
2-to-l gain in frequency response for typical narrowband
home and portable radios.

Reduction of Sideband CanceUatlon Effects
The classical amplitude modified wave has a serious

weakness. The two sidebands of an AM wave are of equal
amplitude, thus maJcing thewave particularlysensitive to the
relative phase of its three compOnents. For example, if the
carrier is rotated relative to the sidebands by90 degrees, the
wave is converted from a pure amplitude-modulated wave
to a form of phase modulation (quadrature modulation)
where there are nodesired signalcomponents present in the
envelope of the wave.

In other words, the fact that the sidebands are equal in
amplitude makes it possible for the desired demodulated
audio waves derived from the two sidebands to completely
cancel under certain conditions, such as selective-fading
multipath conditions, etc.

Since the sidebandsofaPOWER-side waveare unequal,
it is a much more rugged wave.

For example, conventional equal amplitude sideband
AM waves suffer from a complete loss of fundamental mod
ulation wheneverderived4.8098 386.9699 Tm
(waves)Tj
4444 376.133d
311al



It is noteworthy that the use of a synchronous
demodulator· does not, in any way, alleviate such losses of
fundamental modulation.

It should also be noted that, unlike these advantages of
POWER-,ide that are based upon "sideband tuning", the
advantages based upon the reduced phase sensitivity of the
POWER-side wave are available for all types of radios,
includingdigitally tuned radios which center tune to theear-
rier frequency. .

SUMMARY OF ADVANI'AGFS:
The advantage of the POWER-side system are of two

basic types:
1) Those due to "Sideband Tuning"; and
2) Those due to reduction of sideband cancellation

effects.

Obviously, in9rder to gain the"SidebandTuning" advan
tages, listeners must use a receiver that can be tuned to a
sidebandsuch as: a) continuously tunable radios, or b) spe
cial digitally-tuned radios that can be stepped in no more
than 2 kHz steps, or c) a new type of digitally-tuned radio
specifically designed for "Sideband Tuning".

The advantages based upon the reduction of sideband
cancellation effects are available with all types of receivers,
includingdigitally-tuned radios which center tune to theear
rier frequency. Generally, sideband cancellation effects are
further enhanced by "Sideband Tuning", as the p~
detection spectrum of the wave is caused to have addi
tional asymmetry.

Brief DescrIption of the Advantages of
"Sideband Tuning"

1) IDa'eued frequency respoue. The frequency res
ponse of most receivers is limitd by the IF or RF selectivi1y
characteristic. As discussed above, "Sideband Tuning"
almost doubles the overall frequency response of narrow
band receivers.
2) Reduced adjacent channel interference. "Sideband
Tuning" causes splatter and adjacent channel carrier whis
tles to fall at a substantiallly lower point on the RF and IF
selectivity curve. Furthermore, sideband tuning, by increas
ing the effective fidelity of the desired receivedsignal, enhan
ces critical sibilant sounds and other mid- and high
frequency sounds, raising their effective signal-to-inter
ference ratios. Since sibilants are weak and generally are the
first common sounds to be lost in interference. improving
their level significantly improves intelligibility in fringe
areas.
3) Reduced co-channel Interferences due to "Sideband
Tuning". (See section below treating "carrier beats", where
a much more important advantage is described.) Assuming
that the interferingAM station continues to transmit normal,
equal amplitude sidebands, the desired station gains up to
4.7 db in addition to the other advantages of "Sideband
Tuning".

The station that continues to utilize conventional AM
I

transmission might be expected to gain even a greater
advantage than its co-channel neighbor using POWER
side. The reason is that the POWER-side signal's weaker
sideband is reduced approximately] 0 db while its stronger
sideband is raised onl\' 3.5 to 4.7 db. The flaw in such reason
ing is that. absent special PO WER-side receivers. listeners
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shouldnot beexpected to"sideband tune" their receivers as
would listeners to POWER-,ide equipped. stations.
However, if the two interfering stations. cooperate and both
transmit POWER-,id, lignalsenhandng opposite side
~ • wry Iignif1c8nt advantaae can be ad1ieveclln this
case, as much as 15 db bnprovement in signal-to-inter
ference ratio can be achievedwith high selectMtyreceivers.
(Also, .c:lilcultedbelow, theywill bothenjoyfreedom from
serious ""beItinI" problems.)

On-the-air POWER-,ide operation by WMCA. New
York, 570 kHz, favoring the upper sideband, and WSVR
Syracuse, 570 kHz, favoring the lower sideband, has
achieved very substantial interference reduction for both
stations. Actually, WSVR has reported that at night, some
seven miles from the WSYR tranamitter 8Dd approximately
250 miles from WMCA. one is able to hear an intel1i&ible
signal from WMCA when usmg an independent side6and
type AM stereo receiver.
4) ..... CI'tIkaI ......... Typically, receivers tuned to a
POWER-,ithsignaJcanbesidebandtunedlromasmuchas
3 kHz. Thus listeners can tune their radios from as much as
300 Hz on the '"wrong side" of the carrier, to3.000 Hz on the
"correct" side, for a total of3300 Hz spread. In comparison,
typical AM siInals, utilizing a similar pre-emphasis charac
teristic, would cause tuning to be Ibnited to approximately
±300 Hz. Thus, the improvement is over five times the nor
mal tuning range.

Brief DescrIption of Reduction of Sideband
Cancelladon Effeda

The relative insensitivi1y of a POWER-side wave, in
comparison to the conventional AM wave, results in the
following advantages which conform the ruggedness of a
POWER-side wave:

a) Significant reduction in lhe selective fading distortion
and the depth of the fades;5 .

b) Reduction in distortion in antenna nulls, as well asdepth

b)



Abeating sound is most annoying and creates far more
listener annoyance than does nonnal interfering speech or
music. Thus, a clean voice signal (absent beating effects),
say 30 db below a desired signal, produces far less disturb
ance than does a voice signal having the same level but suf
fering from beating effects.

The term "carrier beating" is generally used to describe
this phenomenon. However, it is believed that this term is not
trulydescriptiveof theproblem. Typically, co-channel inter
ference beat rates are less than a few Hertz. Such low fre
quency waves are greatly attenuated by the frequency
response of a receiver's amplifier and loud speaker system.
Indeed, listeners cannot hear such low-frequency sound
waves even though they can feeJ very-Jow-frequency
vibrations.

One can hear the slowvariation in noise Jevel caused by
.the variation of gain of AVe controlled amplifiers. However,
even moderately severe co-channel interference of 20 db,
causes the gain of the AVe controlled amplifiers to vary by
only 1.74 db, and for interference 30 db below the desired
signal the total variation is 0.5 db.

Actually the phenomenon that listeners do hear might
best becalled "sideband beat". The fact that sidebands beat
under normal interference conditions can be understood by
considering the following situation where:

1) the frequency of the desired (strong) signal is900 kHz
and the weaker co-channel carrier is 1 Hz higher, i.e.
900.001 kHz;

2) the desired signal is temporarily free of modulation,
("dead air"); and

3) the interfering signal is modulated by a 1 kHz tone.
Since the stronger (900 kHz) carrier dominates the

demodulation process, (the envelope detector controls the
switchingfunction) the lowersidebandwill produce a signifi
cant c:lemoduation product at a frequency of 999 Hz. The
upper sideband produces a demoduation product having a
frequency of 1001 Hz. Both of these equal amplitude waves
easilypass through the receiver's audio system and areaud
ible to listeners. The beat rate caused by the difference in the
frequencies of the upper and lower sideband demodulated
audio signals will be 2 Hz or two times the carrierfrequency
difference. (See Appendix A)

Thus, under normal two-station co-channel interference
conditions, the receiver output will be contaminated with
two distinct audio signals havinga difference in frequency of
two times the carrier error.

Referring to FIG. 2, it is seen that conventional AM waves
suffer a wide range of effective modulation, from full to com
plete nulls. On the other hand, a simplified analysis shows
that aPOWER-sidewave only suffers a total variation of 2.7
db under the same condition.

In order to experimentally verily the reduction of co
channel beat type interference, a simple, but convincing,
e>.-periment was performed. A multi-system AM stereo
"boom box" type portable radio, Sanyo model MW-250,
operating in the monophonic mode. was tuned to two
POWER-side stations (WMCA 570 kHz New York. and
WfHE 1520 kHz Mineola, Long Island) at Kahn Com
munications' laboratories in Westbury, New York.

TIle output of a Hewlett Packard model 6068 signal
generator was looselycoupled to the input of the Sanyo MW
250 receiver. One of the two POWER-side stations was
tuned in and the signal generator was adjusted to match the
received carrier frequency within 2 Hz.
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The output level of the signal generator was adjusted for
maximum beat effects. indicating that the signal generator
was producing the same signal strength as the received
broadcast signal. The output attenuator of the signal
generator was then switched. so as to raise the level of the
signal generator by 20 db. This properly simulated a strong
unmodulated local signal being interfered wtth by a
POWER-sidt signal.

The resulting audible interference from voice and music
signals was almost completely free of any beat-type
phenomenon.

For comparison, the receiver was tuned to WOK, a New
York station transmitting a conventional AM signal and the
same procedure produced the veJY annoying conventional
beat-type souncLlt is believe that this simple test produced
excellent substantiation of the reduction of the so-called
"carrier beat" phenomenon by use of POWER-sidt
transmission.

By reducing the sensitivity of the AM wave to "Sideband
Beating", the widespread implementation of the POWER
side system should significantly reduce co-channel inter
ference effects.

POWER-side and Platform Motion
It is important to report that asymmetrical spectrum

characteistics ofa POWER-side wave should reduceone of
the basic wealmesses of phase-separated type AM Stereo
systems; i.e., the Motorola, Harris and Magnavox systems.
(Not the Kahn/Hazeltine ISB AM Stereo system, which is
properly classified as a frequency-separated system and
which does not suffer from such problems.) Phase
separated type AM stereo systems can, under certain con
ditions, produce a serious form of stereo image distortion
which the author has called "Platform Motion". "Platform
Motion" may be defined as the undesirable motion of a
stereo image back and forth between the left and right
sides. "

(The significance of "Platform Motion" cannot be
exaggerated and it is indeed the main reason why all stereo
receivers designed to receive phase-separated type AM
stereo signals must incorporate protection circuitJy to
switch to monophonic reception under adverse reception
conditions. Conversely, receivers designed to receive AM
Kahn/Hazeltine system stereo signals. which are free of
"Platform Motion", can remain in the full stereomode under
all conditions of reception, insuringstereo coverage equal to
the monophonic coverage of the station.)

Platform Motion is created by two main mechanisms:
1) Multi-path tran.ml••lon. In this case. the desired
signal reaches the receivervia two paths, such as reradiation
from buildings and power Unes or from close-in skywave!
groundwave paths. (Such groundwave/skywave paths have
been reported asclose inas a few miles from thetransmitter,
severely limiting the stereo coverage of the station.) This
type of interference causes the desired audio signal to move
and is the most serious form of Platform Motion. It can be
called "Strong Platform Motion".
2) From co-channel Interference. In this case, the inter
ference appears to swing back and forth from lett to right
and can be called "Weak Platform Motion". The net result is
a substantial increase in the effect of the interference,
because the interference "waves" at the listener.



If the ~o-channel interfering station operates with
POWER-tide. this second·type of stereo image distortion,
i.e., "Weak Platform Motion" can be significantly reduced by
the interfering station transmitting a POWER-side signal
instead of a conventional AM signal.

By reducing the sensitivity of the equal sideband AM
wave to the phase relationship between the carrier and the
sidebands, one type "Platform Motion" should be signifi
cantly reduced'. The type reduced may be called 'Weak
Platform Motion" because it is a less important type of plat
form motion and is created by weak co-channel inter-
ference. (See Appendix B.) .

Unfortunately, the widely reported close-in skywave/
groundwave platform motion, and other "Strong Platform
Motion" effects due to power-tine and buiIdinI reradiation,
are not alleviated because POWER-side is not compatible
with phase-separated type AM Stereo systems. Thus, radios
designed to receive phase-separated type AM stereo signals
will still require protection circuitry to disable stereo recep
tion in less than good reception conditions.

Adjacent Channel Interference
Obviously· any modulation procedure has to be

evaluated as to its impact on the interference it causes to
other stations and also how sensitive the system is to inter
ference from other stations.

It has been pain.ted out above that substantial advan
tages accrue to listeners of POWER-side stations, whether
the station is subjected to co- or adjacent-channel inter
ference. Furthermore, it is shown elsewhere in this paper
that POWER-side stations are good co-channel neighbors,
in that the POWER-side wave dramatically reduces co
channel "beat" interference.

Now the question is: what does POWER-side operation
do to adja.cent channel neighbors? Since one sideband is
made stronger than the sideband of a normal double
sideband AM wave and the other side is made weaker, one
might expect increased interference to neighbors on the
strong side of the channel and a reduction of interference to
neighbors on the weak side. .

Actually, neither sideband of a POWER-side signal
increases adjacent channel interference. Indeed, stations on
both sides, in comparison with normal AM Stereo operation
or even normal mono operation, should experience. in prac
tical situations, an improvement in interference. Why this is
true can be seen by considering the following:

1) Treating first the extreme case of compliance with
occupied-bandwidth rules when only one sideband of the
Kahn/Hazeltine AM Stereo wave is used to provide full mod
ulation. This situation goes far beyond POWER-side opera
tion in that under worst-case conditions. only 85~.', of the
modulation is in the strong sideband and the remaining 159~

is in ~he weaker sideband. Measurements now on file at the
FCC' for +125% modulation and -100% single-tone tests
covering the range of ]00 Hz to ]5.000 Hz show that the wave
fully complies with Section 73.44 of the FCC rules and
regulations. These rules were achieved because the ISB
form of AM Stereo is a compact wave (indeed Magnavox. in a
forthright report to the FCC. rated this system best in term~

of interference production), and the new STR-84 AM Stereo
e.xciter incorporates a sharp filter which eliminates L-R
products beyond 7.S kHz while maintaining L+R response to
15 kHz:

Since the audio processing ·forPOWER-side signifi
cantly reduces the strength of the stronger sideband over
these severe L only, or R only, stereo tests, POWER-side
fully complies with FCC rules and regulations. .

2) The stronger sideband of the POWER-side wave is
not pre-emphasized.Sincepre-emphasiscan increasesplat
ter by as much as 10 to 15 db at 10kHz, this elimination of
pre-emphasis on the strong sideband is a significant factor.

3) As mentioned above, the POWER-,idt effect is
eliminated at 7.5 kHz by the action of filters in the stereo
exciter. Actually, the additional pre-emphasis on the weak
sideband caUses the weaker sideband to achieve level
equality with the stronger sideband at approximately 5 kHz.
Thus the impact of POWER-8ide, in terms of causing adja
cent channeJ interference. is restricted'to sideband com
ponents within ±5 kHz of the carrier.

4) A POWER-,ide signal requires less pre-emphasis
because the POWER-side wave is less sensitive to loss of
modulation caused by phase distortion. The typical RF and
IF selectivity .characteristic of an inexpensive receiver
introduces substantial phase distortion. Therefore, in order
to achieve a reasonable brightness of sound quality an
equal-sideband AM wave requires substantial1y more pre
emphasis than doesaPOWER-sidewave. Since the amount
of pre-emphasis used directly increases splatter inter
ference, a POWER-side signal, for a given brightness of
sound, should produce substantially less adjacent
channel interference.

As an example, if the phase distortion of the overall
sytem, including the transmitting antenna, receiving
antenna, and the RFand IFselectMty circuits in the receiver,
createa phasedistortion of60 degrees at say6 kHz (12 kHz IF
bandwidth), a conventional AM wave will have 25%
efficiency in terms of sideband power utilization. Under the
same conditions, a POWER-side wave provides approx
imately 64% efficiency. In other words the effective modula
tion of the conventional AM wave is 50% and the effective
modulation of the POWER-side wave is 79.9%.

5) There is also a practical consideration that should
substantially .reduce adjacent channel interference when
broadcasters implement POWER-side. This may be seen
by recognizing the fact that POWER-side stations derive a
substantial portion of the system's advantages because lis
teners can "sideband tune" their radios. "Sideband Tuning"
advantages are' a function of the amount of off-tuning lis
teners fmd advantageous. Thus, the "cleaner" the POWER
side signal. the greater the "sideband tuning" advantages.

In other words. a broadcaster that uses the POWER
side system will find it important to produce an extremely
clean wave that will not "splatter" on the station's own lis
teners. This means POWER-side stations will eschew bad
practices like negative overmodulation. \Jsing improperly
neutralized transmitters, operating with excessive pre
emphasis. etc. Recent tests' conducted by adjacent channel

. neighbors in California. KMNY 1600 kHz and KDAY) 580 kHz
Los Angeles. lend support to the fact that POWER-side
reduces adjacent channel interference.

CONCLUSIONS
It is shown herein that the POWER-side system

significantly improves monophonic reception using existing
Independent-Sideband AM Stereo transmission equipment.


